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2013.08.0Abstract Land use planning in a remote desert zone is usually dependent on an efﬁcient corridor
and main road network system. In this paper, Geographic Information System (GIS) tools were
used to develop a least-cost path for a corridor to link three cities in Sinai Peninsula desert environ-
ment. It is supposed to create a backbone for developing the middle part of peninsula by facilitating
the transport of mineral resources and accessibility to such region and encourage populating the
remote desert city of Nekhel and the coastal cities of Taba and El Shatt. Therefore, such a route
should have the least cost and should be protected from the negative impacts that may be caused
by the surrounding environment. Environmental and economical factors were integrated through
a spatial multicriteria model using the Analytical Hierarchy Process. Cost factors were identiﬁed
and a cost surface was created for each factor, standardized, weighed and aggregated. Three visions
were modelled: an engineering vision, an environmental vision and a hybrid vision. A multicriteria
evaluation was used to compare the three routes. The hybrid route was ﬁnally recommended.
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011. Introduction
Least-cost path analysis (LCPA) allows designers to ﬁnd the
‘‘cheapest’’ way to connect two locations within a cost surface
which can be computed by combining multiple criteria, and
therefore by accounting for different issues (environmental im-
pact, economic investment, etc.). There are a number of basic
steps in ﬁnding a minimum cost path over a surface partitioned
into regions of different resistances to movement (Collischonn
and Pilar, 2000; Douglas, 1994). This procedure can be easily
implemented with modern Geographic Information Systemational Authority for Remote Sensing and Space Sciences.
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employed to support planning and designing of different types
of linear infrastructures, ranging from roads to pipelines. In
route planning generally one or a few alternative routes are
proposed, often representing the interest of the proponent(s).
The generation of alternatives, which is at the heart of
Environmental Impact Assessment (EIA) and Strategic Envi-
ronmental Assessment (SEA), is perhaps the most underdevel-
oped part of the assessment processes (Glasson et al., 1994;
Sadler and Verheem, 1996; Niekerk and Voogd, 1999;
Treweek, 1999; Steinemann, 2001; IAIA, 2007). Keshkamat
(2007) concludes that a rational, transparent stakeholder-
based process for the generation of alternatives is required to
be able to improve EIA and SEA and thence decision-making.
There have been several recent applications of least-cost path
methodologies which involve: selecting an all-weather road
(Atkinson et al., 2005). Selecting the fastest path with the least
slope based on elevation data (Stefanakis and Kavouras, 1995)
selecting the best route for a pipeline based on land use and
land cover data (Feldman et al. 1996). Now, the computation
of least-cost paths is considered the most useful tool available
for determining the optimal path from one or more origin
points to one or more destination points (Lee and Stucky,
1998). The methodology for the calculation of an accumu-
lated-cost surface is well documented in commercial GIS pack-
ages and in Collischonn and Pilar (2000), Douglas (1994), and
Lee and Stucky (1998). Routes for features such as roads, rail-
ways, or pipelines are often constrained by physical, environ-
mental, political, social, economic, and regulatory factors. A
system that can optimize relationships among these factors
and identify trade-offs can produce a wide range of alterna-
tives (Motemurro et al., 1998). Spatial Multicriteria Evalua-
tion (SMCE) as a technique has been used to solve routing
problems in utility infrastructure, such as for pipeline routing
(Bagli et al. 2011; Rescia et al., 2006; Yusof and Baban,
2004), transmission line routing and in telecommunication net-
work design (Paulus et al., 2006).
Atkinson et al. (2005), Collischonn and Pilar (2000), and
Douglas (1994) applied the following basic steps: (a) a friction
surface is created for each evaluation criterion, where each cell
in the grid is assigned a value based on the relative cost of tra-
versing that cell. The methodology utilizes a GIS to prepare,
weigh, and combine construction factors. (b) Multiple friction
surfaces are weighed and combined to create a cost-of-passage
surface, representing the total cost associated with traversing
each cell. (c) A spreading function combines two separate grids
representing source points and destination points with the
cost-of-passage grid to calculate an accumulated-cost surface.
(d) The lowest cost line is traced down the accumulated-cost
surface from an origin point to a destination.
2. Purpose of the study
The purpose of our research is to develop a model utilizing
GIS techniques to design a least cost route for a highway that
crosses central Sinai region. The highway is supposed to link
the city of Nekhel in the central zone to the coastal city of
Taba located on Gulf Aqaba and the city of Shatt located
on the Gulf Suez. Such a highway can be the backbone of a
new development corridor improving the accessibility to the
central zone of Sinai Peninsula. The path can be adapted fora railway route in the future. Therefore, such a route should
have the least negative impacts on the environment and should
also be protected from the negative effects that may be caused
by the surrounding environment.
3. Description of the study area
Sinai Peninsula is situated between Gulf of Aqaba and Gulf of
Suez, and is bounded from north by the Mediterranean Sea.
The region has rich geological resources reﬂected in extensive
mines and quarry sites. Sinai is popular for its unique historical
sites such as Holly Mountain of Moses and Saint Catherine
monastery in addition to unique ecological sites such as Lake
Bardawil and Zaranik protectorates and rare coral reefs along
the Red Sea costs. The peninsula is divided into two adminis-
trative governorates, North and South Sinai.
The central zone of Sinai Peninsula is the least developed.
Cities are located along the sea cost with least development
in the middle desert zones. Three towns are located in the cen-
tral zone and have the least population densities among cities
of Egypt. Such cities are described in this section (Fig. 1).
Geomorphologically, Sinai can be divided broadly into the
following main units, namely (Hassan, 2000): (1) Mountainous
basement terrain, (2) Upland plateaux, (3) Folded Hilly terrain
(4) Mediterranean coastal plain belt, and (5) Pediplains. Cen-
tral table lands, an extensive stretch of ﬂat-topped plateau,
cover most of central Sinai (Ashmawy et al., 2000). The gen-
eral surface of the plateau slopes gently northward, where it
merges into Central Sinai pediplain near Thamada-Nakhl
stretch. The plateau is bounded on its east, south and west
by vertical scarps. The northern boundary is marked by large
east–west faults that cross almost the entirety of Sinai. This
central table lands consist of two plateaus. The southern pla-
teau (El Tih Plateau), and El-Egma Plateau is to the north.
El Tih is a horseshoe shaped (concave to the north) series of
connected topographic hights (cuestas) (maximum 1600 m),
which are separated from the southern mountains by the Ram-
let Himeiyir Depression (El Ghazawi,1989). The plateau is
composed of cretaceous limestones, with shales and sandstones
at the base (Hammad, 1980). The exposures of the lower Cre-
taceous (Nubian type) sandstone at the base of the southern
escarpments of El Tih are considered the principal recharge
areas for the lower Cretaceous aquifer. On El-Egma Plateau,
chalky carbonate rocks of Eocene age, containing bands of
ﬂint, are exposed in a broad zone which dips gently to the
north, occupying most of the middle of the peninsula. The pla-
teau is separated from El Tih Plateau by three tectonic depres-
sions: Yaraqa on the west, El Aqaba on the east and Kuntilla
on the northeast (Morency et al., 1998). El Egma is drained by
Wadi El Arish. The tributaries of which create a well devel-
oped and very complex network of ephemeral streams. The
plateau land is intensely drained by numerous dry natural
water courses descending northerly towards the Mediterranean
Sea through Wadi El Arish, westerly towards the Gulf of Suez,
easterly towards the Gulf of Aqaba, and northeasterly towards
Palestine through Wadi Garrafy.
The region has few remote towns, most of which are located
around the coastal belt. Few towns and Bedouin settlements
are scattered in the middle of the Peninsula (Central Sinai).
Linking the centre city of Nekhel with the coastal towns Taba
and El Shatt with a highway can further improve accessibility,
Figure 1 (a) Location of the study area in Sinai Peninsula. (b) Land use. (c) Land cover.
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and region. Description of the three cities is provided in the
following section:
3.1. Taba Town
Taba is a small town near the northern tip of the Gulf of Aqaba.
It is the northernmost resort of Egypt’s Red Sea Riviera. Lo-
cated just southwest of Taba is a protected area on 3590 km2
that includes geological formations such as caves, a string of val-
leys, and mountainous passages. There are also some natural
springs in the area. Since Taba exists only as a small Bedouin vil-
lage, there was never any real transportation infrastructure.
Taba International Airport is located 35 km from Taba. The
town is a frequent vacation spot for Egyptians and tourists.
3.2. Nekhel City
Nekhel City is located in the heart of Sinai Peninsula along the
southern border of North Sinai Governorate with South Sinai
Governorate. It is located at the skirts of El Tih Mountains and
foothills at an elevation of 420.6 m.The city is divided into 10Mer-
kaz – Ras El Naqb, Contilla, Sedr Elhitan, Timd, Bir Grid, Kha-
fga, Boruk, Netila, Ein Twibah and Assalam – in addition to 49villages. The altitude of the city is about 420.6 m above sea level,
however nearby El Tih Mountains are of higher elevation. There-
fore, nearby foothills andmountains result in a continental climate.
Nekhel is one of the coldest cities in Egypt along with other Egyp-
tian Mediterranean cities and other mountainous provinces of Si-
nai. During winter, temperature may reach 9 C and even
harsher freeze on the nearby mountains, yet precipitation is not
high though there occasionally are heavy rains. Nekhel Bedouin
tribes practice cattle breeding, agriculture and building houses.
Rain and snow are the best source of ground water which replen-
ishes the groundwater catchment areas better. Water from rains
ﬂows down fast in the barren mountains, which may cause
ﬂash-ﬂoods and less water remains.
The city of Nekhel and the entire Central Sinai Region fall
within the region of El Tih Plateau. It is a unique high altitude
eco-system with many endemic, rare and endangered species.
According to governmental plans, the population of the
city is expected to increase.3.3. El Shatt (extension of the city of Suez)
Suez is a seaport city (population ca. 497,000) in north-eastern
Egypt, located on the north coast of the Gulf of Suez (a branch
of the Red Sea), near the southern terminus of the Suez Canal,
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harbours, Adabya, Ain Sokhna and Port Tawﬁq, and exten-
sive port facilities. Together they form a metropolitan area.
Railway lines and highways connect the city with Cairo, Port
Said, and Ismailia. Suez has a petrochemical plant, and its
oil reﬁneries have pipelines carrying the ﬁnished product to
Cairo. Extending to the East of Suez City is the small town
of El Shatt. Being part of a plan for developing the Suez Canal
region, El Shatt can provide a powerful link and a main gate to
Sinai Peninsula linking Egypt to its Asian part.
4. Materials and methods
4.1. Data sets and pre-processing
1. Shuttle Radar Topography Mission (SRTM) acquired in
February 2000. The digital elevation model (DEM)-90
metres cells resolution was processed using ESRI Spatial
Analyst modules to extract the slope and the streams
network.
2. Satellite data from SPOT 4 images acquired during 2011.
The corrected and mosaic images were used to produce a
land cover map using supervised classiﬁcation. The classiﬁ-
cation was enhanced by using the Food and Agriculture
Organization (FAO) land cover data.
3. The topographic map of Sinai scale 1:50,000, published in
1985, was used to extract the roads layer and the wells layer
(EGSA, 1985).
4. The geological map scale 1:500,000, published in 1987, was
used to digitize the faults and to delineate the rock type
classes (CONOCO Coral) (EGPC, 1987).
5. The natural protectorates map was obtained from the
Egyptian Environmental Affairs Authority (EEAA) as part
of a report published in 1998. Such analogue map was rec-
tiﬁed, digitized and converted to a feature class.
6. The archaeological sites layer was obtained from the Gen-
eral Organization for Physical Planning (GOPP, 2007), and
was used to map the archaeology sites.
A geographic database was created in ESRI ArcGIS9 soft-
ware and projected to Universal Transverse Marketer (UTM)
projection, zone 36N. Maps were rectiﬁed, digitized, projected
and imported to the geographic database. A conversion to ras-
ter format was performed using a cell size of 100 m.
4.2. Designing possible routes using Analytical Hierarchy
Process (AHP) and the Least Cost Path (LCP) analysis
Analytical Hierarchy Process (AHP) provides a structural ba-
sis for quantifying the comparison of decision elements and
criteria in a pairwise fashion. This kind of comparison greatly
reduces complexity and enhances simplicity of decision mak-
ing. ‘‘In the GIS database, the attribute-factors are repre-
sented as map layers and it contains attribute values for
each pixel in raster data’’ (Kiker et al., 2005). To understand
how this is accomplished it is necessary to decompose the
AHP into a sequence of step-wise tasks, in which the follow-
ing major task-blocks may be considered. The AHP was used
to produce cost surface grids and to combine them into a sin-gle cost surface grid for the engineering and the environmen-
tal themes.
4.2.1. Step 1: Deﬁning the cost criteria
Cost distance analysis relies on a ‘‘cost surface’’, which is a ras-
ter dataset. The value of each cell represents the cost per unit
distance of crossing that cell, (which does not include the phys-
ical distance travelled as a measurement). Generally, and
according to the study area characteristics, the cost is based
on one or several variables such as slope, land cover class,
and rock type (ease of passing or possibility of passing with
least damage to the area or passing with least monetary value)
(ESRI, 1996). For each single cost a raster is created. An over-
lay function aggregates the cost grids in a theme into one cost
grid (such as environmental cost grid or engineering cost grid).
Cost factors for this study were identiﬁed and classiﬁed into
two themes, engineering cost theme, and environmental and
cultural values cost theme. Actual construction costs are not
included in this model as those values were not available,
and the assignment of monetary costs to environmental factors
is beyond the scope of this paper.
The cost criteria are described as follows:
4.2.1.1. The engineering cost theme. 4.2.1.1.1. Slope. Slope is
crucial to route selection process. Areas of mild slope are
deemed less expensive to modify than areas of steep slope.
4.2.1.1.2. Rock type. Rock type is an important criterion in
selecting a highway route alignment due to issues of founda-
tion stability for the track bed. In order to minimize both con-
struction and maintenance costs, for example stable soils such
as loams are deemed more suitable than unstable soils such as
coarse sands or clays (Karrow 1983).
4.2.1.1.3. Faults. Faults are considered a constraint in rout-
ing a highway and should be avoided. The plateau is marked
by large east–west faults that cross almost the entirety of Sinai.
The highway should avoid crossing such faults as much as pos-
sible. A buffer zone of 200 m around the highway was used.
4.2.1.2. The environmental cost theme. 4.2.1.2.1. Land cover.
The land cover in Central Sinai encompasses bare desert,
vegetation, urban sand dunes, sabkha and marshes. Crossing
such land cover has different costs. Low cost was given to
bare deserts while high costs were given to sand dunes due
to problems that may be caused by dunes encroachment.
4.2.1.2.2. Archaeology values. Archaeology sites exist in the
study area. Such sites should not be crossed by the highway. A
protection buffer zone of 500 m around each site was used.
4.2.1.2.3. Nature protectorates. A nature protectorate exists
in the south eastern zone of Central Sinai. Crossing such pro-
tectorate is considered a high cost.
4.2.2. Step 2: Standardization of the criteria maps
Scores from the various map attributes can only be compared
if the measurement units are the same. Through the standard-
ization procedure the measurement units are made uniform,
and the scores lose their dimension along with their measure-
ment unit (Janssen and Herwijnen, 1994). Standardization of
the attributes was performed for each of the cost maps in ESRI
Spatial Analyst reclassiﬁcation module. Linear transformation
was used to transform the criteria attributes into a cost scale
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10 is the highest cost.
4.2.3. Step 3: Criteria weights
The relative importance of the decision elements or criteria is
based on linguistic measures developed by Saaty (1980) on a
scale of 1 to 9 semantic differential scoring to give relative rat-
ing of two criteria. The scale of differential scoring presumes
that the row criterion is of equal or greater importance than
the column criterion. The reciprocal values (1/3, 1/5, 1/7, or
1/9) have been used where the row criterion is less important
than the column criterion. A decision matrix is constructed
by using Saaty’s scale and factor attributes are compared pair-
wise in terms of importance of each criterion/decision element
to that of the next level. Once the pairwise matrix is made,
Saaty’s method of eigenvectors/relative weights are calculated
by the following equations (Sadasivuni et al., 2009):
For a pairwise matrix of elements:
C11 C12 C13
C21 C22 C23
C31 C32 C33
2
64
3
75 ð1Þ
1. Add the values in each column of the pairwise matrix and
divide each element in the matrix by its column total to gen-
erate a normalized pairwise matrix
X11 X12 X13
X21 X22 X23
X31 X32 X33
2
64
3
75 Xij ¼ CijPn
i¼1Cij
ð2Þ
2. Divide the sum of the normalized column of the matrix by
the number of criteria (n) to generate a weighted matrix
W11
W21
W31
2
64
3
75 Wij ¼
Pn
j¼1Xij
n
ð3Þ
3. Consistency Ratio (Cr) should be attained such that
Cr < 0.10 and is calculated as follows:
C11 C12 C13
C21 C22 C23
C31 C32 C33
2
64
3
75 
W11
W21
W31
2
64
3
75 ¼
Cm11
Cm21
Cm31
2
64
3
75 Step-I ð4Þ
Calculation of Consistency Vector is accomplished by dividing
the weighted sum vector with the criterion weight as follows:
Cm11 ¼
1
W11
½C11W11 þ C12W21 þ C13W31
Cm21 ¼
1
W21
½C21W11 þ C22W21 þ C23W31 Step-II
Cm31 ¼
1
W31
½C31W11 þ C32W21 þ C33W31
ð5Þ
Once the Consistency Vector is calculated, Lambda (k) is cal-
culated by averaging the value of the Consistency Vector. The
Consistency Index (CI) provides a measure of deviation from
consistency.
CI ¼ k n
n 1 ð6Þ
where n= number of criteria used.Random inconsistency indices (RI) for N= 10
N 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 0.58 0.9 1.12 1.24 1.32 1.41 1.46 1.49
Source: Saaty (2000).Cr ¼ CI
RI
ð7Þ4.2.4. Step 4: Weighted Overlay of the cost maps
Using the Weighted Overlay function, the cost maps within
a theme (engineering and environment) were combined to
give a combined cost (friction) surface for such theme.
Two combined cost friction surfaces were produced (engi-
neering and environmental cost surfaces). The hybrid cost
friction surface was produced by assigning equal weights
to such two themes and combining them using a Weighted
Overlay function.
4.2.5. Step 5: Using the Least Cost Path Algorithm
The combined cost (friction) surfaces were then used in a Least
Cost Path Algorithm using ESRI Spatial Analyst. Given Nek-
hel City point as an origin, the Least Cost Path module (LCP)
was used to generate the path sectors from Nekhel City to
Taba and from Nekhel City to Shatt City. Based on weights
schema, this step was repeated three times to produce three
alternative routes (engineering, environmental and hybrid
alternative routes).
4.3. Comparing the three scenario routes
The comparison and ranking of the paths were conducted
by means of a set of additional criteria. Criteria included
in the evaluation set differ from those previously employed
to generate the cost surface map. This is because they can
be meaningfully assessed only with reference to already iden-
tiﬁed routes, rather than generally for the whole study area
(Geneletti, 2010). To rank the three routes, an impact table
was created and a multicriteria evaluation (MCE) was con-
ducted using DEFINITE software (Janssen and Herwijnen,
1994).
(For a cost criterion, the less the attribute value, the better).
Steps are explained in this section:
1. Five cost criteria were chosen for the comparison as
follows:
- Number of the faults crossing the highway route.
- Number of sand dune patches crossed by the highway
route.
- Number of each stream order crossings.
- Number of road intersections.
- Number of wells crossing the route.
2. An effect table was created to calculate the total impacts
using a multicriteria evaluation in DEFINITE software
student version. Testing the weights for each of the eval-
uation criteria provides a vision for the ranking of the
route alternatives in each case based on the cumulative
effects.
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5.1. Calculation of the relative weights for the cost factors
Six cost criteria maps were generated (Figs. 2a–c and Figs. 3a–
c) (a map for each cost criteria) using ESRI ArcGIS 9.2 Spatial
Analyst. Table 1 outlines both the engineering and environ-
mental cost factors, assessment rule and their associated spa-
tial data sets Table 2 - 4 outline the calculations of weights
of the engineering and the environmental costs themes using
the pairwise comparison respectively.
5.2. Creation and standardization of the cost factor maps (Step
1 and Step 2)
Engineering cost = [cost of faults] * 0.5 + [cost of lithol-
ogy] * 0.20 + [cost of slope] * 0.30
Environmental cost = [cost of archaeology] * 0.5 + [cost
of protected areas] * 0.30 + [land use-land cover] * 0.205.3. Results of designing the three routes using the Least Cost
Path
Applying the Least Cost Path model (LCP) using the com-
bined cost criteria for each theme resulted in three route alter-
natives. Such alternatives (or scenarios) are the Engineering
alternative (Fig. 4a), the Environmental alternative (Fig. 4b)
and the Hybrid alternative (Fig. 4c). The three route alterna-Figure 2 Engineering cost criteria maps. (a) Cost of crossing vario
passing through faults. (d) Combined cost map for the engineering thtives were compared using DEFINITE software multicriteria
evaluation as described in the following sections:
5.3.1. Modelling the three route alternatives
Result of running the Least Cost path (LCP) for each of the
three scenarios (engineering, environment and hybrid) pro-
duced two shape ﬁles for each scenario. The resultant two sec-
tor-routes start from Nekhel as the source. The two
destinations are Taba City and El Shatt City. The two sectors
are merged into a single path for each scenario. The results of
the three models are shown in Figs. 4(a–c).
5.3.2. Comparing the three route alternatives
The result of ranking the three scenario routes was calculated
using DEFINITE software (Janssen and Herwijnen, 1994).
A spatial beneﬁt is deﬁned as a criterion that contributes
positively to the output; the higher the value, the better it is.
It is an advantage for the spatial beneﬁt to be high. A spatial
cost is deﬁned as a criterion that contributes negatively to the
output; the lower the value, the better it is. It is an advantage
for the spatial cost to be low. Standardized effects table was
created for the three alternative routes (Table 5). An effect ta-
ble is a table with mutual comparable scores. A pairwise com-
parison matrix was used to calculate the relative weights of the
effects (Table 6) (a value above 0.1 is an indication of inconsis-
tencies in the pariwise comparison tab; inconsistency value is
0.07 for the weights calculation). The result of the multicriteria
evaluation using the effect table and the calculated weights is
presented graphically with a simple bar graph (Fig. 6). On
the X-axis are all alternatives, and on the Y-axis the value ofus rock types (lithology). (b) Cost of crossing slopes. (c) Cost of
eme.
Figure 3 Environmental cost criteria maps. (a) Cost of land cover. (b) Cost of archaeology. (c) Cost of crossing a national protectorate.
(d) Combined cost map for the environmental theme.
Table 1 Cost factors and cost assessment rules for creating the three cost surfaces (friction).
Cost factor Cost assessment rule Spatial data and type
Engineering and construction theme
Rock type Diﬀerent rock classes have diﬀerent construction costs Geological map (surﬁcial materials) (polygon)
Faults Fault zones are vulnerable to land collapse and therefore
considered a high cost and should be avoided
Active faults (line)
Slope Steep slopes are more costly for construction works and
are therefore considered a high cost
SRTM-derived slope (raster)
Environment and protection theme
Culture Archaeology is a valuable heritage that should be
protected. Such sites are considered a high cost
Archaeology sites (points)
Land cover Land cover map was assigned cost weights according to
the relative cost of passing through its various land cover
classes
Land cover (polygon)
Protectorates (ecology) National protectorates have high ecological values and
are habitats for ﬂora and fauna and are considered high
costs
National protectorates (polygons)
Designing and evaluation of three alternatives highway routes using the Analytical Hierarchy Process 147the ranking. The bar length indicates preference for the alter-
native. Higher bars correspond to better alternatives.
Analysis of the ranking for each cost criteria is explained as
follows:
1. Prioritizing the weight of the criteria ‘‘cost of crossing a pro-
tected area’’ the hybrid route scores best (0.68), meaning it
does not cross archaeology sites or the nature protected park.
2. Prioritizing the weight for the cost criteria ‘‘number of
road intersections’’, the hybrid route scores 0.35 and ranks
ﬁrst.3. Prioritizing the weight of the criteria ‘‘cost of sand dunes
crossing’’, the hybrid route scores best (0.54), meaning that
it crosses the least number of sand dunes patches. The envi-
ronmental route ranks the second best and the engineering
route ranks the last.
4. Prioritizing the weight for the cost criteria ‘‘number of faults
intersecting with the route’’, the hybrid route scores 0.47 and
ranks ﬁrst followed by the engineering route alternative.
5. Prioritizing the weight for the cost criteria ‘‘number of wells
intersecting with the route’’, the hybrid route (0.47) ranks
ﬁrst.
Figure 4 Least Cost Path modelled routes. (a) LCP engineering route. (b) LCP environmental route. (c) LCP hybrid route.
Table 2 Weight calculations for the engineering cost themes.
Fractures Slope Rock class Weight
Fractures 1 5/3 5/2 0.50
Slope 3/5 1 3/2 0.30
Rock class 2/5 2/3 1 0.20
Table 3 Weight calculations for the environmental cost themes.
Archaeology Protected areas Land cover Weight
Archaeology 1 5/3 5/2 0.50
Protected areas 3/5 1 3/2 0.30
Land cover 2/5 2/3 1 0.20
Table 4 Pairwise comparison matrix: engineering versus environmental cost factors. For the hybrid alternative, equal weights were
given to the engineering and environmental themes.
Environment Engineering Weight
Environmental theme
Environment 1 3 0.75
Engineering 1/3 1 0.25
Engineering theme
Environment 1 1/3 0.25
Engineering 3 1 0.75
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Table 6 Pairwise comparison matrix used for calculation of weights for the evaluation criteria.
No. of streams 3 No. of streams 2 No. of wells No. of faults Road inters. No. of dune patch No. of protected Weight
No. of streams 3 1 3 5 0.143 1 0.333 0.143 0.062
No. of streams 2 0.333 1 1 0.111 1 0.111 0.143 0.028
No. of wells 0.200 1 1 0.111 0.333 0.111 0.111 0.023
No. of faults 7 9 9 1 9 3 3 0.397
Road intersections 1 1 3 0.111 1 2 0.143 0.043
No. of dune patches 3 9 9 0.333 5 1 3 0.243
No. of protected zone 7 7 9 0.333 7 0.333 1 0.204
Table 5 Effects table: criteria and attributes compared for the three route alternatives.
Criteria Cost/beneﬁt Measured eﬀects for the three routes
Engineering scenario Environmental scenario Hybrid scenario
Number of order streams 3 Cost 5 6 5
Number of order streams 2 Cost 8 9 8
Number of wells Cost 2 1 1
Number of faults intersections Cost 1 2 1
Length of road intersections Cost 24 23 19
Number of crossed sand dune patches Cost 6 2 2
Number of crossed protected sites Cost 3 0 0
Figure 5 Hybrid route overlaid with some constraints; sand dunes, faults, slopes, and protected zones.
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ing the routes’’, the hybrid route ranks ﬁrst with 0.31 and
0.33 for the streams order 2 and streams order 3 respec-
tively (Fig. 6)
A multicriteria evaluation resulted in ranking the Hybrid
route as ﬁrst (0.60) (Fig. 5). The Environmental route alterna-
tive ranks second (0.38). The Engineering route alternative
ranks last (0.21) (Fig. 7).
5.3.2.1. Strength and weakness of the applied methodology.
Belka (2005) concludes that GIS can be effectively usedfor analysis tasks, namely selection of the best corridor
or comparison of the alternatives. The authors agree that
the method is quite ﬂexible in producing several route alter-
natives. Nevertheless, it is recognized, that the corridor pro-
posal needs further detailed improvements in order to meet
the planning and construction requirements. The choice of
evaluation factors was to some extent related to the data
availability. However, ﬂexibility of GIS-based method
makes it easy to incorporate additional data sources and
for developing additional evaluation criteria when
necessary.
Weights
Total 0.60
0.38
0.21
erspective: No of streams-3
0.33 0.18 0.13
erspective: No of streams-2
0.31 0.18 0.11
Perspective: No of w ells 0.47 0.39
0.06
Perspective: No of faults int 0.47
0.18 0.27
ective: No of roads intesec
0.35 0.20 0.06
ctive: No of dunes patches 0.54 0.46
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Figure 6 Analysis of testing the weights of the evaluation criteria on ranking of the three route alternatives using DEFINITE software.
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0.38
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No of roads intesec
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Figure 7 Result of ranking the three route alternatives using
DEFINITE software multicriteria evaluation.
150 H.A. Effat, O.A. Hassan6. Conclusion and recommendation
1. In this study, Geographic Information System (GIS) was
used to explore the various route alternatives that would
cross Sinai Peninsula central zone and link three remote cit-
ies Taba City, Nekhel City and El Shatt City. The Least
Cost Path analysis (LCP) model applied for the mentioned
route paths were quite successful in avoiding sand dunes,
faults, high slopes and zones of ecological or cultural val-
ues, and thus satisfying the objective of this study within
the given criteria and data.
2. Further detailed studies are recommended for using the
Least Cost Path (LCP) in route planning and ﬁeld investi-
gations are a necessity prior to the ﬁnal decision making.
Some improvements in the route design are required to sat-
isfy more detailed construction criteria.
3. It is concluded that if Geographic Information System and
shortest path algorithm is embedded in the early planning
system, it proves to be well suited, economic and time-sav-
ing for a sustainable corridor location design. It can avoid
many location problems, in addition, the ability of the tech-
nique to provide several alternatives and to compare such
alternatives is a beneﬁt for designers.
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